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Pk: SeJection probability of k-th gene
〟: Number of genes





































整理No. 儘?｢?赶ﾔ ?ｨ/?ｨ?8???n交タげ 度?8ﾘ5ｨ5越ﾉ??站p水人 凭(ｷ?Yzﾂ?g用期間 ??y?xﾏ｢?
A:mm ?????精ｷ度 佰ｸ孳7??I)/See 僖竕(ﾓ2?mm 
1 ??-311 ???1 涛??21.6 ?纉b? ???
2 ??-315 ???1 塔??21.3 ??B?縱?2 ???
3 ??-lA 偵r? 鼎??12 ? ??
4 ??-20lB ???1 塔Ε?21:3 ? ?｣?
5 ??-20lA ??"? 塔ゅ?21.3 ?縱?2 ???
6 ??-206 ?紊?3 塔b絣?0.3 ?經b? ???
7 ??-305 ???1 都偵?21.1 ?經b? ???
8 ??-306 ?經"? 鉄r紕?1.0 ???19 ???
9 ??-102 ?紊2? ?c??30.0 ?緜B?8 ???
10 ???-146 ?經b? 鉄"??6.5 ?經?18 ???
ll ??-135 ?經?1 鉄??30.0 ?經?18 ???
12 ??-134-1■ ?紊B? 蔦??30.0 ?紊?18 ???
13 ??-105 ?紊?2 鉄r??6.4 ???7 ???
14 ??-105 ?紊b? 鉄r??6.4 ???9 ???
15 ??-202-2 ?經"? ?2??7.2 ???8 ???
16 ??-215-2 ???2 鉄"??0.0` ???2 ?纈?
_17 ??-314-1 ???2 ????0.0 ?經?2 ???
18 ??-102 ?紊?1 ?c??30.0 ?緜B?0 ???
19 ??-135' ?經?1 鉄??30.0 ?經?20 ???
20 ??-134-1 ?紊?2 蔦??30.0 ?紊?20 ???
21 ??-146 ?緜?1 鉄"??6.5 ?經?20 ???
22 ??-201A ??r? 塔ゅ?21.3 ?縱?4 ???
23 ??-201B ??r? 塔ゅ?21.3 ?縱?4 ???
24 ??-202▲ ???1 田R??1.5 ?纉B? ???
25 ??-202B ???1 田R??1.5 ?纉B? ???
26 ??-306 ?紊?1 鉄r紕?1.0 ???20 ???
27 ??-311 ??r? 涛??21.6 ?纉b? ???
28 ??-206 ?紊?3 塔b絣?0.3 ?經b? ???
29 ??-305 ?緜b? 都偵?21.1 ?經b??B? ???
30 ??-310▲ ?緜b? 鼎?r?12 ? ?3?
31 ??-315 ??"? 塔??21:3 ? ???
32 ??-108 ?縱?1 塔2??8.0 ???19 ???
33 ??-log ?緜?2 ????8.0 ???19 ???
34 ??-202-2 ?紊R? ?2??8.0 ???5 ???
35 ??-202-2 ?經?2 ?2??8.0 ???4 ???
36 ??-206▲ ?經r? 田r??8.0 ???7 ???
37 ??-2068 ?粤SR? 田r??8.0 ???6 ???
38 ??-215-2 ??R? 鉄"??8.0 ???2 ???
39 ??-314-1 ??R? ????8.0 ?經?2 ???
40 ??-108 ?經"? 塔2??8.0 ???17 ???
41 ??-109 ??b? ????8.0 ???17 ?2?
42 ??-206人 ???2 田r??8.0 ???6 ?｣?
43 ??-206B ??b? 田r??8.0 ???5 ???
44 ??-201C ?緜R? 涛?"?1.0 ?纉"?6 ???
45 ??-201D ?緜2? 涛?"?1.0 ?纉"?6 ???
46 ??-201人 ?紊?1 塔ゅ?21.0 ?縱?15 ???
47 ??-2018. ?經?I 塔ゅ?21.0 ?縱?15 ??
48 ??-201C ?經?1 涛?"?1.0 ?纉"?5 ?｣?
49 ??-201D ?經B? 涛?"?1.0 ?纉"?5 ???
50 ??-202A ?紊?1 田R??1.0 ?纉B?5 ???
51 ??-2028 ?緜r? 田R??1.0 ?纉B?5 ???
52 ??-306 ???1 鉄r紕?1.0 ???15 ???
53 ??-311 ?緜2? 涛??21.0 ?纉b?5 ???
54 ??-315 ?緜?1 塔??21.0 ??B?5 ???
55 ??-304▲ ?緜?1 ?B繧?3.3 ???14 ???
56 ??-304C ?經b? ?"絣?9.0 ???12 ???
57 ??-3018-1 ?經?1 鉄?2?3.7 ??"? ???
58 ??-622 ?纉?1 都2縒?2.8 ???15 ???
59 ??-630 ??b? ?r繧?12.9 ??"?5 ???
60 ??-633 ?紊?1 ?B絣?2.0 ?貳ﾂ?5 ???
61 ??-622 ?縱?1 都2縒?2.8 ???17 ?2?
62 ??-630 ??2? ?r繧?2.9 ??"?7 ?｣2?
63 ??-633 ?緜r? ?B絣?2.0 ?貳ﾂ?8 ???
64 ??-304▲ ?繝"? ?B繧?3.3 ???22 ???
65 ??-321A ?縱?1 鼎偵B?3.3 ?經"?l ???
66 ??-304C ?ﾃ澱? ?"絣?9.0 ???20 ???
67 ??-3018-1 ?紊B? 鉄?2?3.7 ??"?0 ?纈?
68 ??-321A ?繝?1 鼎偵B?3.3 ?經"?3 ???
69 ??-304C ?紊?1 ?"絣?9.0 ???22 ???
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表3.1 (b)プラント調査結果
整理No. ?YzﾉY?初期処理 ?葦ｩ???X ?Hｴ96??全硬度 蛮4?ｸ4｢?Z縮倍数 白???y??
選択2 ????I択4 剩辯?′C皿 匁r??鞄x喝/1 ?注2) 
1 ?? 白?.92 塔??79 ?S"?.50 ?纉"?
2 ?? ??.92 塔??79 ?S"?.50 ?纉"?
3 ?? ??.92 塔??79 ?S"?.50 白纉"?
4 ?? ??.92 塔??79 ?S"?.50 ?纉"?
5 ?? ??mS.92 塔??79 ?S"?.50 ?纉"?
6 ?? 白?.92 塔??79 ?S"?.50 ?纉"?
7 ?? 白?.92 塔??79 ?S"?.50 ?纉"?
8 ?? ??.92 塔??79 ?S"?.50 ?纉"?
9 ?? ??.66 涛??67 ?#r?.45 ?縱?
10 ?? ??.66 涛??67 ?#r?.45 ?縱?
ll ?? 津?8.66 涛??67 ?#r?.45 ?縱?
12 ?? ??.66 涛??67 ?#r?.45 ?縱?
13 ?? ??.91 都??91 ?Sr?.86 ?纉?
14 ?? ??.91 都??91 ?Sr?.86 ?纉?
15 ?? ??.91 都??91 ?Sr?.86 ?纉?
1■6 ?? ??.91 都??91 ?#Sr?.86 ?纉?
17-丁 ?ﾒ? ??8.91 都??91 ?Sr?.86 ?纉?`18 ?? ? .66 涛??67 ?#r?.45 ?縱?
19 ?? ??.66 涛??67 ?#r?.45 ?縱?
20 ?? ??.66 涛??67 ?#r?.45 ?縱?
21 ?? ??8.66 涛??67 ?#r?.45 ?縱?
22 ?? ??.92 丿Vﾆ?279 ?S"?.50 ?纉"?
23 ?? ??.92 塔??79 ?S"?.50 ?纉"?
24 ?? ??.92 塔??79 ?S"?.50 ?纉"?
25 白? ??.92 丿Vﾆ?279 ?S"?.50 ?纉"?
26 ?? ??.92 塔??79 ?S"?.50 ?纉"?
27 ?? ??.92 塔??79 ?S"?.50 白纉"?
28 ?? 白?.92 塔??79 ?S"?.50 ?纉"?
29 白? ??.92 塔??79 ?S"?.50 ?纉"?
30 ?? ??.92 兔｣?279 ?S"?.50 ?纉"?
31 ?? ??.92 塔??79 ?S"?.50 ?纉"?
32 ?? ??.91 都??91 ?Sr?.86 ?纉?
33 ?? ??.91 都??91 ?Sr?.86 ?纉?
34 ?? ??.91 都??91 ?Sr?.86 ?纉?
35 ?? ??.91 都??91 ?Sr?.86 ?纉?
36 ?? ??.91 都??91 ?Sr?.86 ?纉?
37 ?? 白?.91 都??91 ?Sr?.86 ?纉?
38 ?? ??.91 都??91 ?Sr?.86 ?纉?
39 ?? ??.91 都??91 ?Sr?.86 ?纉?
40 ?? ??.91 都??91 ?Sr?.86 ?纉?
41 ?? 白?.91 都??91 ?Sr?.86 ?纉?
42 ?? ??.91 都??91 ?Sr?.86 ?纉?
43 ?? ??.91 都??91 ?Sr?.86 ?纉?
44 ?? ??.92 塔??79 ?S"?.50 ?纉"?
45 ?? ??.92 塔??79 ?S"?.50 ?纉"?
46 ?? ??.92 塔??79 ?S"?.50 ?纉"?
47 ?? 鳴?.92 塔??79 ?S"?.50 ?纉"?
48 ?? ??.92 塔??79 ?S"?.50 ?纉"?
49 ?? ??.92 塔??79 ?S"?.50 ?纉"?
50 ?? ??.92 塔??79 ?S"?.50 ?纉"?
51 白? ??.92 塔??79 ?S"?.50 ?纉"?
52 ?? 白?.92 塔??79 ?S"?.50 ?纉"?
53 ?? ??.92 丿Vﾆ?279 ?S"?.50 ?纉"?
54 ?? ??.92 丿Vﾆ?279 ?S"?.50 ?纉"?
55 ?? ??.30 ?S?100 涛b?.72 ?經?
56 ?? ??.30 ?S?100 涛b?.72 ?經?
57 白? ??.30 ?S?100 涛b?.72 ?經?
58 鳴? ??.30 ?S?100 涛b?.72 ?經?
59 白? ??.30 ?S?100 涛b?.72 ?經?
60 ?? ??.30 ?S?100 涛b?.72 ?經?
61 ?? ??.30 ?S?100 涛b?.72 ?經?
62 鳴? ??.30 ?S?100 涛b?.72 ?經?
63 ?? ??.30 ?S?100 涛b?.72 ?經?
64 ?? ??.30 ?S?100 涛b?.72 ?經?
65 ?? ??.30 ?S?100 涛b?.72 ?經?
66 白? ??.30 ?S?loo 涛b?.72 ?經?
67 ?? ??.30 ?S?100 涛b?.72 ?經?
68 ?? ??.30 ?S?loo 涛b?.72 ?經?
69 ?? ??.30 ?S?100 涛b?.72 ?經?
-10-
表3.1 (¢)プラント調査結果
整理No. ??X?7X????ｹ?闇ﾓ??站p水出 口温度℃ 兩ｸ?????菇@ 選択6 佶?吋??~??サンプルサイス● m ?x+?ｸﾌ)??ﾄ帰期間 凵` 検査本数 
1 鉄???? ?涛?I.2000 1.2000 _I.2000 I.2000 1.2000 1.2000 1.0000 1.0000 0.6010 2.2950 0.3010 0.4410 1.2000 1.2000 1.8000 I.8000 1.2000 1.2000 0.6000 0.4400 1.5300 1,2000 1.2000 1.2000 i.2000 と4000 I.2000 1.2000 3.0000 1.2000 1.8000 3.0000 0.6000 1,8000 1.8000 I.8000 1.2000 I.2000 0.6000 0.6100 0.3100 1.2200 3.0000 2.4000 2.4000 2.4000 乙4000 2.4000 2.4000 2.4000 2.4000 1.2000 3.0000 2.4000 0.2500 0.2500 0.7500 0.7500 0.7500 0.2500 0.5000 0.5000 0.5000 0.2500 1.0000 0.2500 2.0000 1.0000 0.5000 ??2,900. ??? 
2 ?3???1 ?涛???4,450. ??? 
3 ?S???1 ?涛???12.500. ??? 
4 ??b??1 ?涛???5.280. ??? 
5 ??b??ﾂ? ?涛???5,280. ??? 
6 ????1 ?涛??"?.450. ??? 
7 鼎CB??1 ?涛??b?.664. ??? 
8 ??B??1 ?涛?鼎R?2,264.000 ? 
9 ?澱??1 ?涛???3.960. ??? 
10 ?C#??? ?涛???4,733. 塔3?6 
ll 12 鼎s?????? ?涛???4,700.000 ? 
13 ?CB??1 1 ?涛????#?#?549.501 1,892.000 ? 4 
14 ?CB??I ?涛"?#?1.892. ??? 
15 涛ィ??1 ?涛"?#?3,608.000 ? 
16 鼎???1 ?涛"?#?】,797 ???????????? 
_17 ?u2??I ?涛"?#?1.52 ? 
18 ?澱??1 ?涛"???,982 ? 
19 鼎s??? ?涛"???.355 ? 
20 ????I ?涛"?#?551 ? 
21 ?C#?白? ?涛"?#R?.100 ? 
22 ??b??I ?涛"?#?5.280 ? 
23 ??b??】 ?涛"?#?5,280 ? 
24 涛ィ?ﾓ?1 ?涛"?#?4.920. ? 
25 涛ィ??1 ?涛"?#?4,920 ? 
26 售#?B??1 ?涛"?#?5.110 ? 
27 鉄???I ?涛"?#?2,900 ? 
28 ????1 ?涛"?#?1.450. ? 
29 鼎CB??1 ?涛"???88. ? 
30 田#R??1 ?涛"?#?3.125 ? 
31 塔???1 ?涛"?#?2,967 ? 
32 鼎C??? ?塔???4,400 ? 
33 鼎S"??I ?塔???2.486. ? 
34 涛ィ??I ?塔???3,608. ? 
35 涛ィ??1 ?c塔???3.608.0 ? 
36 ?3CB??1 ?塔???8,594.6 ? 
37 ?3CB??1 ?塔???12.892.0 ? 
38 鉄???1 ?塔???2,772.0 ? 
39 ?唐??1 ?塔???3.278.0 ? 
40 鼎C??? ?塔r?#?1,999.0 44480 ? 
41 鼎S"??1 ?塔r?#?? 
42 ?3CB??1 ?塔r?#?12,089,0 ? 
43 ?3CB??1 ?塔r?#2?.915.0 冤l 
44 ??b??1 ?塔???2,640.0 ? 
45 ??b??1 ?塔???2,640. ? 
46 ??b??1 ?塔???2.698. ? 
47 ??b??1 ?塔???2,698.0 ? 
48 ??b??1 ?塔???2.698.0 ? 
49 ??b??I ?塔???2.698.0 ? 
50 涛ィ??1 ?塔???2,698.0 ? 
51 涛ィ??1 ?塔???2,698.0 ? 
52 ??B??1 ?塔???10.939.0 ? 
53 鉄???1 ?塔???1,340.0 ?0 
54 塔???1 ?塔???2,209. ? 
55 都"??1 ?塔B???750.4 ? 
56 都"??1 ?塔B???33. ? 
57 ?C3??? ?塔R?#?9.414. ? 
58 都???1 ?塔R?#?4.722. ? 
59 ?#??? ?塔R?#?750. ? 
60 ?CB??1 ?塔R?#?1.737. ? 
61 都???】 ?塔r?#?6.438. ? 
62 ?#??? ?塔r?#?1.188. ? 
63 ?CB??1 ?塔???2.368. ? 
64 都"??I ?涛"?#?720. ? 
65 ?C??? ?涛"???.700. ? 
66 都"??1 ?涛"?#?720. ? 
67 ?C3??? ?涛B?#?3.575. ? 
68 ?C??? ?涛B?#?1.700. ? 


















































































































































Pitting ?Xuﾒ?Process ??ﾆ匁r?ooling 楓V?2?
depth [mm] 膝?R?luid Temp. [℃] 夫?W"?Vﾗ???ﾒ?ater Velocity [m/sec] 邑6VB?坊?ﾒ?
J ?Xl.. ?ﾓ&?Ⅹ3i ?ﾓF?Ⅹ5j 
1 ??r? 涛??21.6 偵??4 
2 ???0 塔ゅ?21.3 ?縒? 
3 ???0 涛??21.6 ??? 
4 ??"? 塔ゅ?21.3 ?縒? 
ち ???r? 塔ゅ?21.3一 ?縒? 
6 ???0 田R??1.5 ?纈? 
7 ???0 塔??21.3 ??? 
8 ??"? 塔??21.3 ??? 
9 ??R? 鉄"??8.0 ??? 
10 ??R?l. ????8.0 ?綯? 
ll ??b? 田r??8.0 ??? 
12 ??r? 塔ゅ?21.3 ?縒? 
13 ???1 田r??8.0 ??? 
14 ???0 都偵?21.1 ?綯? 
15 ???0 田R??1.5 ?纈? 
16 ?紊?1 鉄r??6.4 ??? 
17 ?紊R? ?2??8.0 ??? 
18 ?紊b? 鉄r??6.4 ??? 
19 ?紊?0 塔ゅ?21.0 ?縒?5 
20 ?紊?0 田R??1.0 ?纈?5 
21 ?絣? 塔ゅ?21.0 ?縒?5 
22 ?絣? 涛?"?1.0 ?纈?5 
23 ?絣? ?2??8.0 ??? 
24 ?經"? 塔2??8.0 ???7 
25 ?經"? ?2??7.2 ??? 
26 ?經B? 涛?"?1.0 ?纈?5 
27 ?經R? 田r??8.0 ??? 
28 ?經r?● 田r??8.0 ??? 
29 ?緜?0 塔??21.0 ???5 
30 ?緜2? 涛?"?1.0 ?纈?6 
31 ?緜2? 涛??21.0 ???5 
32 ?緜R? 涛?"?1.0 ?纈?6 
33 ?緜b? 都偵?21.1 ?綯? 
34 ?緜r? 田R??1.0 ?纈?5 











































Hx. ?&?W72?○○fjng ??ｴ?r?ears 
Typ○ 杷gSｶB??ﾗ?????at○r T○mp.メ [℃】 夫??"?Vﾈ??宥?ﾆﾒ?V5ﾒ?sed [y○ar】 
70.0 ?R??.5 ??
表4･4しきい値および範囲(複数ビット)
Hx. 貞??W72?c'oHng ????ｦ誡?ears 
Type 派而V烹??ﾗ??尾8??ater Temp. 【℃】 夫??"??ﾈ?6ﾂwG?ﾆ軛u6T5ﾒ?$ed [y○ar】 
70.0 ?R??1.5 ?ﾓR?-10 ???R?5- 
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表4.2遺伝子コード化(1ピット)
N○ ?宥F匁r?x. ?(?8?72?○○ling ???ﾆ匁r?○arS 
d叩th lrrrn] 膝???luid Temp. 【℃] 夫??"?Vﾗ???ｴ8??at○r Vel○city lm/sec] 俵8?B?坊?ﾒ?
J 把ｷF觚72?■1j 浮s&｢?■3j 浮sF｢?'5j 
1 ??r? ?? ?? 
2 ???0 ?? ?? 
･3 ???0 ?? ?? 
.4 ??"?' ?? ?? 
5 ? r? ?  ?  
6 ???0 ?? ?? 
7 ?緜R? ?? ?? 
8 ?緜2? ?? ?? 
9 ???1 ?? ?? 
10 ??6?1 ?ｲ? ?? 
ll ??r? ?? ?? 
12 ??"? ?? ?? 
13 ?紊?1 ?? ?? 
14 ?經?0 ?? ?? 
15 ?經"? ?? ?? 
16 ?縱?1 ?? ?? 
17 ??"? ?? ?? 
18 ???1 ?? ?? 
19 ?緜?0 白? ?? 
20 ?緜b? ?? ?? 
21 ???0 ?? ?? 
22 ?經r?_ ?? ?? 
23 ?經R? ?? ?? 
24 ???0 ?? ?? 
25 ??b? ?? ?? 
26 ?紊?0 ?? ?? 
27 ?緜r? ?? ?? 
28 ???1 ?? ?? 
29 ???0 ?? ?? 
30 ?紊?0 ?? ?? 
3ー ?紊b? ?? ?? 
32 ??R? ?ｲ?- ?? 
33 ?經"? 白? ?? 
34 ?紊R? ?? ?? 
35 ?經?0 ?? ?? 
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表4. 3同一遺伝子の適応度平均値化後(1ビット)
Pitting 這や?rocess ???ﾆ匁r?○○ling 楓V?2?
d○pth lrrTTl] 膝???Juid T○mp. 【○Cコ 夫??"??ﾗ???袵?at○r Velocity lm/sec] 標6VB?利??ﾒ?
J 杷友?ｵ52?‥1j 譜?&｢?‥3j 符ェ｢?‥5j 
1 ?緜R? ?? ?? 
2 ?緜"? ?? ?? 
･3 ?經 0 ?? ?? 
4 ?經R?■ ?? ?? 
5 ?紊?1 ?? ?? 
6 ?紊B? ??[ ?? 
7 ??R? ?? ?? 
8 ??R? ?ｲ? ?? 
9 ??2? ?? ?? 
10 ??R? ?? ?? 
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表4.5遺伝子コード化(複数ピット)
NO ?宥F匁r?x. ?(?8?72?OOling ???r?ears 
d○pth [nw] 膝???luid T○mp. [℃] 夫?W"??ﾗ?????ater V○lO¢ity hn/secコ 俵8?B??ｶ?ﾒ?
｣ 杷友?ｷ72?'1j 譜?&｢?'3j 浮sF｢?■5j 浮sf｢?■7j 浮vV｢?
1 ??r? 白? ?? ?? ??
2 ???0 ??0 ?? ?? ??
3■ ???? ?? ?? ?? ??
4 ??"? ?ｲ? ?? ?? ??
5 ??r? ?? ?? ?? ??
6 ???0 ?? ?? ?? ??
7- ?緜R? ?? ?? ?? ??
8 ?緜2? 偵?0 ?? ?? ??
9 ???1 ?? ?? ?? ??
10 ??r? ?? ?? ?? ??
ll ??r? ?? ?? ?? ??
ー2 ??"? ?? ?? ?? ??
13 ?紊?1 ?? ?? ?? ??
14 ?ﾃS?0 ?? ?? ?? ??
15 ?經"? ?? ??1 ?? ??
16 ?縱?1 ?? ?? ?? ??
17 ??"? ?? ?? ?? ??
18 ???1 ?? ?? ?? ??
19 ?緝?? ?? ?? ?? ??
20 ?緜b? ?? ?? ?? ??
21 ???0 ?? ?? ?? ??
22 ?經r? ?? ?? ?? ??
23 ?經R? ?? ?? ?? ??
24 ???0 ?? ?? ?? 白?
25 ??b? ?? ?? ?? ??
26 ?紊?0 ?? ?? ??[ ??
27 ?緜r? ?? ?? ?? ??
28 ???1 ?? ?? ?? ??
29 ???0 ?? ?? ?? ??
30 ?紊?0 ?? ?? ?? ??
31 ?紊b? ?? ?? ?? ??
32 ??R? ?? ?? ?? ??
33 ?經"? ??0 ?? ?? ??
34 ?紊R? ?? ?? ?? ??
35 ?經?0 ?? ?? ?? ??
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表4･ 6同一遺伝子の適応度平均t引ヒ後(複数ピット)
Pitting 這や?rOc○SS ??ﾃｶ誡?○○ling 葺??2?
depth hTl] 膝???fuid T○mp. [℃] 夫??"?Vﾗ???ﾒ?at○r VelOcity lm/sec] 標6VB?利??ﾒ?
Fitness 譜???'2j 譜?6｢?~'4j 譜?V｢?'6j 浮sv｢?●8j 
1 ?紊R? ?? ?? ?? ??
2 ?經b? ?? ?? ?? ??
■3 ??r? ?? 
4 ?紊"? ?? ??. ?? ??
5 ?經?0 ?? ?? ?? ??
6 ???0 ?? ?? ?? ??
･7 ?經"? ?? ?? ?? ??
8 ???0 ?? ?? ?? ??
9 ?紊B? ?ｲ? ?? ?? ??
10 ?經"? ?? ?? ?? ??
ll ???1 ?? ?? ?? ??
12 ??b? ?? ?? ?? ??
ー3 ?紊B? ?? ?? ?? ??
















































































































できる｡ ( 5-1 )に基づいて孔食深さを予測し､管の取り替え時期を判断するこ
とが可能となる｡





を用いる｡一次変換の係数は､ lビットによる推論では､ A=0.4626, B:0･ 2445､
複数ビットによる推論では､ A=0.6428, B=0. 1598が最適であった｡
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Xx I I x. ???Hｺ盤H?}??B?
■熟交タイプ 















- y=oxp(1). 29 835n-A 9'04)
◆　プロセス流体入口温度










- y=exp(-406 904nl). 7856 6 )
ム　使用年15を超える
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1 )中原正大､庄子哲雄材料.と環境.43, 624-631 (1994)
2) ∫. Ⅱ. Holland : Adaptation in Natural and Artificial Systems, The





























































































Temperature, oC Aging心me, h
850, 950, 1050
表2-4　クリープ破断試験条件とその結果













































































































































































































～ ♯ ⊂ '空 (ワ ▼~ ♯ ⊂ l声 O >ヽ ー くロ て⊃ ⊂ =⊃ ○ _⊂) ⊂ '空 くつ ?耳目.○' :′γ 既三才と一頭-一一し､こ駁撃;㌻ 劔剏d裏表 ･.墓室.i' I..-Lf; -~].:汁 +■■+ 冓 ぎ 亳?義嚢 ?劍ｶ??
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i‥:★さ一十一 義 _:<I Jjf- ∴j LJ/ 弓手享,賢, 謹上左耳-■ノ}:; 儖ｨﾍh.｢羌x蓼蔗?鈬ﾓﾘ蓼蓼ﾜ蔭h????ｵ?R??憧ﾒ??(??ﾈﾌ2?ｩ8Ynﾂ?逞'辻?bﾆdﾃｲﾘ?*ｸｬDｦ陳ﾒ?ﾄ､｣B?hﾜや?h?钁ｸ?ｩ???肚B??ｨ*ｵ??ｦ停ﾓﾈ+?ﾖﾈ??ﾈ+'ｲ???｣?钁?｢?聒6ｨ?6r罟*ｸ?v?Lｹ?ﾊｳ?????n??ｲrｲ?¥十 I.簸 た+I -Jq, もT′ ナ摺. ?刔X??j?R粐??雹ﾄ｣｢?｣ﾅ2r?ｨﾋ粐ﾙZ?ﾈﾖｹ7撞Wｸ爾?羇?xﾅ底??粡ﾘ4ﾈ?ｳｲ陌??簇w?8蔦､Sﾈ蓼ﾜ??穽ﾃｲﾘ-?ｨ6鳴ﾒ醴??jﾂﾃ｢ﾃ｣ﾒ??X?????cｴxﾊｷ籏韲Sｸ8jB?h自u韃ﾘﾜ?????ｸ??粤ｨ4ｴﾂ?{r■嚢 :､-■>一一 -㌔-- 千 ､■こも ??ﾒ靆ｲ?ZR??ﾇ靆ｲ?w$ｦｦｶｪB?ﾒﾂﾘ?ﾒ??ｨ蓼自??ﾒ譁sｴﾉ-???員ﾂ?tf3,..,～-塗 ㌻i闇軽､転.蓮 や.髄誓.1転 諾､_{～亡′さ ,,J● ヰly- 7､-㍍ -.■ i,-*%豹賢一.-当-:≡ 1■諾モガ,三患′÷~i~ぎ… 劔黙7/i, ? ゞ｢濁 /o~:…~爵 蓬l 苧■■ ∫ ti'′搬 ㍍㌔ 前._真弓 +十LTr1 -1∴+ ?
i ??｢? 劔,x??ﾒ?R?h 剪?] 唳????剳謳o､至 ′さ,:;/Jふ 






































































































































































































Potential, mV vs. SCE
(a)クリープ中断材および破断材
-300　　　-200　　　-1 00　　　　0　　　1 00














































































































































































































































d        c;
do uo!1312Jl O川Pel〇!P別d
Cq　　　　　　　　　　　　▼-
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head = (struct I.oc_datりNULL;
tail　= (structLeC_daも T)NULL;
while((なets(b叫BUFFER_SIZE, br)) != mLL)
i
current ≡ (struct Loc_datりmau∝((size_i)si2'eO晦truct La_dab)) ;
if(current - (struc暮 I,bC_dab T)NULL)
〈
皿u sh (stdou t) ;
fprintf (stderr, 〝oyERACWn") ;
○Xit(1) ;
I








current-)fitness I atof (strtok(but, DLMT)) ;
strcpy (current-〉gene･ strtok ( (char 辛)NULL, DLMT) ) ;
current-〉flg ≡ (int)NULL;


























cmpl ≡ 丘tol(buf4) ;
cnp2 ≡ Stol(buf2) ;
if(cJnPl - czDp2)
t
























r = (garandon(1000)/1000. 0) ;
current =　head;
yhile( cuzTent != (struCt Cdat *)NULL姐stJnくr)
(
stJJn = sum + current-〉cfitrate;
strcpy (rvalue, current-〉cgene) ;





















































/辛 read first line ( paraJneter niniznum ) */
fgets (but, BUFFER⊥SIZE, fpr) ;
buf2 ≡ strtok(buf, DLMT) ;
if(buf2 != (char 辛)NULL)
t
current ≡ (struct dat 辛)malloc((size_t)sizeof(struct dat)) ;
head ≡ current;
tail ≡ Current;







fprintf (stderr, "oYEERhC肝n") ;
exit(1) ;
I
current-〉low = atof(buf2) ;
current-)next - (struct dat *)NULL;
uf2 ≡ strtok((char *)NULL, DLNT)) !- (char♯)NULL)
current ≡ (struct dat *)nalloc((size_t)sizeof(struct dat)) ;
if(ctJrrent - (struct dat *)NULL)
I
fflush (stdout) ;




current-〉loy = atof(buf2) ;
current-)TLeXt = (struct dat *)NULL,･
tail = current;
1
/* read second line ( parameter山肌iJW ) */
current = head;
fgets (but, BUFFER_SIZE, fpr) ;





yhile((buf2 - strtok((char.)NULL, DLMT)) != (cha, *)NULL)
(
current I current-)next ;
eurrent-〉high ≡ atof(buf2) ;
I
/* read coJnent line 辛/
fgets (but, BUFFER⊥SIZE, fpr) ;
/* read data line */
while((fgets (buf･ BtmR_SIZE, fpr)) != NULL)
f
buf2 = strtok(hut, DLMT) ;
if(hf2 != (char *)NULL)
t
current I head,･
fprintf(fpv, "鮎∴ buf2) ;
I
yhile((buf2 - strtok((char 辛)NULL, DLMT)) != (char *)NULL)














































renainder = nuJA%figures ;
if(ntJJn-reminder != 0)
(
quotient ≡ (int) ((nun - rezminder)/figures) ;
quotiont ≡ 0;
I

























renainder = ntJn %fipres;
if(nun - reminder != 0)
(










































extern int sgabrand() ;
int il ntJnl glength,･
int　‡ero_one ;
glength : strlen (father) ;
for(i-0; iくglength; i++)
∫


























































■ bl ≡ (int)(i/10);













char gene l255] ;









extern int garandon() ;
struct Ln_dat　　*current, *head, *tai1 ;
int i, k, j, nun, initpop, genepop, selectedntm, rr, aaa, buf3;
char buf 【B肝FER_SIZE] ;
char　　*bufl ;
char　　*konn血a=~ : , ¥n〝 ;
char　　*sl=Jr¥o~ ;










head = (strtJCt Ln_dat *)NULL;
tail = (struct Ln_dat *)NULL;
initpop ≡ 0;
yhile((fgets(buf, BUFFER_SIZE, fpr)) != NULL )
t
current = (struct Ln_dat *)malloc((siヱe_t)sizeof(struct Ln_daも)) ;
if(current - (struct Ln_dat *)NULL)
t
fflush (stdout) ;
fprintf (stderr. 'oYERMEMYn") :
return(2) ;
)







strcpy (current-〉gene, strtok (but. konnna) )
buf2 - atof(strtok((char 辛)NULL, konn.na)) ;
buf3 - atoi (strtok((char *)NULL, konJua)) ;
current-)fitness = btJf2 ,A
StJn = stJn + buf2;



















I = sun * (garandozn(1000)/1000. 0) ;




yhile( current != (struct Ln_dat *)NULL払borderくr)
(
nun++ ;
border = border + current->fitness;
CUrrent ≡ current-〉next;
i=0;















#incltJde (stdl ib. h)
#include (string. h)

















Voi d read_data ()
function : read a data file and make nenory list
rettJrn　　　　　　: void
notice ! !　　: this 6rogradn Select data file
yith reading a parazDater_Value
Section_Name is ''d8tahase".




















char proSjnaDein lFNAME_LENGTH] ;
char pros_fna脈Ot) t 【 FNAME_LENGTH] ;
int fla_lorO l7】 ;
double cntl;
double cnt2;
srand( (unsigned int) tiJne ( (tine_t *)NULL) ) ;
if(PROSFLG0 - ON)
t
prirLtf (′Yr.号子吉:;T=ニ; ;一三÷三諾OYn') ;
error_ntJZn = dataread(FNA肥1, FNAMEO) ;
if(error_ntJJn != 0)
t






printf('芸三三~‡ i ‡÷料-‡~二三1-÷ lYn') ;
error_nu皿= aYeragO(FNAME2, FNAMEl) ;
if(errorJlum != 0)
t







erroLnun = sgainit(FM粧3, FNANE2, POPSIZE) ;
if(erroLnum != 0)
t








error_nun ≡ sgacalc (FNAAtE4,
FNAME3,
POPSIZE,脈ATE, MMRATE, CRATE, TIMES,
if(e汀OLnum != 0)
t







error_ntJJn = wgene(FNAME5, FNAME3, GLENGTH) ;
if( error_nun != o)
t

















































int sgacalc(fnameout, fnaDein, popsiZe, Znrate, 吐rate, Crate, tines, glength)
Char　　*fnamOOu t ;



























*¢urrent, *head, *tai1, *father, *mother;
fit, sum, SuDfit;





chi 1 d 【MAX_GENEIENGTH] ;
*fpr, *fpy;






head = (struct dat *)NULL;
tail = (struct ddt *)NULL;
initpop ≡ 0;




current ≡ (struct dat *)Jnalloc((size_t)sizeof(struct dat)) ;
if(current == (struct dat *)NULL)
(
fflush (stdout) ;
fprintf (stderr, "ovERMEM!n") ;
retum(1) ;
〉








strcpy (current-〉gene, strtok (buf, DLMT) )
curren I- )i i tness












: atof(strtok ( (char 辛)NULL, DLMT)) ;
= atOi (strtok ((char *)NULL, DLMT)) ;
= (struct dat *)NULL;
= current;
Current ≡ head;
yhile(current !- (struct dat *)NIAL)
I
fprintf (fpy, "¥tl‰]〝, ctqrent-〉gene) ;
Current　= current-)next;
I





while(current !- (StrLJCt dat *)NULL)
f






yhile(current != (struct dat 辛)NULL)
t



















yhile(current != (struct dat *)NULL)
t







father = select(current) ;
if( (garandon(10000)/10000. 0) (= crate)
t
current = head;
nother = select (current) ;






if( (garandon(10000)/10000. 0)く= m肝ate)
f
gamut(child, Drate, glength) ;
I
current = head;
while(current !- (struct dat　*)NtJLL　組　strcmp(child,
current-〉gene) != 0)
t
current = current-)next ;
〉
if(current-〉gene != (char *)NULL払strcmp(child, current-
〉gene)≡岩o)
l





yhile(current !- (struct dat *)NtAL)
(
fprintf (fpy･ -¥t%d一, current-〉population) ;
current I current-〉next;
fprintf (fpy, J'¥n,) ;
I
fclose (fpy) ;








struct dat *select (head)
strLJCt dat *head;
†





r = (garandoA(1000)/1000. 0) ;
current = head;
yhile( current != (struct dat 辛)NULL && su.nくr)
f












































































































































i, k, j, iTlitpop, iii, selectednun;
but lBUFFER_SIZE】 ;
FILE　　　　　　*fpr, *fpy;






head I (struct dat *)NULL;
tail = (struct dat *)NULL;
initpop ≡ 0;




current ≡ (struct dat 辛)Dalloc((size_t)sizeof(struct dat)) ;
if(current - (struct dat *)NULL)
(
fflush (stdout) ;
fprintf (stderr, -OvERMEMynJ') ;
exit(1);
I








current-)fitness　　　　- atof(strtok (but, DLMT)) ;
strcpy(ct･zTent-〉gene, strtok( (char *)NULL, DLMT) ) ;
current-)Population　　= 0;
imitpop++;















selectednun = garandon(initpop)-1 ;
current = head,･














































yhile((fgets(but, BUFFER_SIZE, fpr)) != NULL )
t
























INSTALL = /bin/install -c





co肝ILE ≡ 令(cc) -c S(LDEFS) 辛(DEFS) 令(INCLUDES) 辛(CPPFLAGS) 令(CFLAGS)
.C.0:
‡(CO肝ILE) Sく
INCLUDES = -IS (srcdir)
HEADERS I sgacalc. h
# source files
souRCES I average･ c dataread･ c sga･ c sgainit･ c sgacalc･ c sgabrand･ c garandon. C ¥
gaselect･ c gacross･ c gazbut･ C decode. c scheJna. C ¥
cu汀free. c ygene. c
# object files
OBJECTS = average･ o dataread･ o sga･ o sgainit･ o sgacalc･ o sgabrand. o garandom. o ¥
gaselect･ c gacross･ o ganut･ o decode. o schezDa. 0 ¥





S(cc) ‡(LDFLAGSトo 令(PRODUCT) S(OBJECTS) 辛(LOADLIBS)




# DO NOT DELETE THIS LINE --ake depend depends on it.
付録2　電気化学的手法による経年劣化非破壊計測･ {
評価の標準化法案
Suggested Procedures for Electrochemical Materials
Ch aracterization




(Practice A Evaluadon of Carbide-Induced Embritdementin2･25Cr-1Mo Steels by
Anodic Polarization
(1) ajective
To prescribe a nondestructive method to evaluateanincreaseinducdle-bride transition
temperature of 2･25CrllMo steels based onpeak current density appearsinananodic
polari2adon curveina dilute sodiummolybdate solution.
(2) Apparatus
The apparatus forthe measurements consists of a potendostat, afunction generator, a
recorder,anisothermalwater bath,and aglass ceu or aJlin-Situ measurement probe.
Figure A-1 shows an example of a setup forthe measurement.Anexample of in-situ
measurement devices is glVeninFigure A-2.
(3) Electrolyte
O･001±0･0001moIA Na2MoO. solution is used forthe measurements･ ¶le electrolyte
shall be prepared from a reagent grade sodiummolybdateand disdIedand deiomized
water･ The pH of the electrolyte sham be adjusted inthe range of 5･3 to 5･4 using CO2 gas
bubbling.
(4) Specimen
l･ Specimen's surface needs to be catefuny prepared to avoid plastic deformation and
heat effects,for example,from gdnding or soldering.
2･ The surfaa sham befinely polished using on-based diamond paste up to ll▲mand
degreasedand washedinacetone oralcohol.
3･ Exposed area is suggested to be from O･4 to lqn2･ The remainder may be
electriCal1y insulated using lacquer.
(5) Measurement Procedures
l･ Freshly prepared solution shah be usedand temperature of the electrolyte shall be
maintained at 20± 1oC.
2･Assoon asthe working electrode (specimen) is immersedinthe solution, position of
a hlggin capuary is adjusted.
3･ After corrosion potentialis confirmed to be around -300mV vs. SCE (saturated
calomel electrode), the working electrode is potentiodynamicany polaribdfromthe
corrosion potentialto 250mV atthe rate of 25mV/s or higher. TheanOdic scan is
Figure A-1Anexanple of a setup for the measurement
Figure Al2Anexample of in-situ measurement devices
(suggested to be started in 2minutes afterthe exposure tothe solution･
4･Assoon asthe potendalreaches 250mV,the working electrode is held atthe sane
potendalfor 5 mhutes to stabniZCthe passivity･ Then,the electrode is cathodicany
scanned. One or two reactivation peaks appear duringthe cathodic sciLn･ The scan
continues until ctment density reaches zero after the reactivation process･
5. A differenceincurrcnt densities betweenpeak cuTent at around lOOmV and passive
state is measured as indicatedinFigure A-3. Tus value is defined as lp･
6. Exposed surface shan be ex血ed by a miαoscope･ If crevice corrosion orany
other loc血d corrosion is found,the data shall be excluded from the report･
(6)AnExample of Evaluation Diagram
In Figures A-4and A-5, Ip values are plotted asfuncdons of transidon temperatures
(FArI) or changesintransidon temperature from as-received00ndidon (AFATr),






Potent細, V Vs. GCE

















Figure A-5 Correhtion between lpandAFATT
(Practice B: Evaluation of So鮎mingin2･25Cr11Mo Steels byAnodic Polarization
(1) ajecdve
To prescribe a nondestrucdve method to cvaluateandeqeaseinstrengthand to predict
remaiming creep kfeof 2･25Cr-1Mo steels based on peak -ent density appeatsinan
anodic polarization ct-e in a dilute sodium molybdate solution.
(2) Apparatus
The apparatus for the measurements consists of a potentiostat, afunction generator, a
r甲Order, an isothermalwater bath, and aglass Gen or an in-situ measurement probe.
Figure A-1 showsanexanple of a setup forthe measuremenL　Anexample of in-situ
measurement devices IS glVeninFigure A-2･
(3) Electrolyte
O･001±0･0001moIA Na2MoO4 SOlution is usedforthe measurements･ The electrolyte
shall be prepuedfrom a reagent grade sodium molybdate and distilledand deionized
water･ The pH of the electrolyte shall be adjustedinthe range of 5･3 to 5･4 using CO2 gas
bubbling.
(4) Specimen
l･ Specimen's surface needs to be carefully prepared to avoid plasdc deformationand
heat effects, for example,from grinding or soldering･
2･ ne surface shall be血ely polished using a-based diamond paste up to lpm and
degreased and washedinacetone oralcohol.
3･ Exposed area is suggested to be from O･4 to lcm2･ The reminder may be
electricauy insulated using lacquer･
(5) Meastqement Procedures
l･ Freshly prepared soludon shall be usedandthe temperature of the electrolyte shall be
20±1oC.
2･Assoon asthe working electrode (specimen) is immersed inthe soludon, posidon of
a hggin capillary is adjusted.
3･ A触corrosion potendalis confirmed to be around -300mV vs･ SCE (saturated
calomel electrode),the working electrode is potendodynamiCally polarized ffomthe
corrosion potentialto 250mV atthe rate of 25mV/s or higher. Theanodic scanis
suggested to be startedin2minutes afterthe exposure tothe solution.
(4･As-soon asthe potendalreiLChes 250mV,the working electrode is held at the same
potentialfor 5minutes to stabni2XBthe passivity･ Then,the electrode is athodicany
scamed･ αle Or two reiLCtivation peaks appear inthe cathodic scan･ The scan
continuesundl current density･reaches zero afterthe reactivadon process･
5. A differenceincurrent densides between peak00rrent atarOund lOOmV and passive
state is measured as indicated in Figure A-3. This value is de丘ned as lp･
6･ Exposed surface shall be examined by amicroscope･ If crevice corrosion orany
other lualized corrosion is found, the data shall be excludedfrom the report･
(6).AnExample of Evaluation
1. Softeming; Figure A-6gives correlation between changeinhatdness (AHv)and Ip･
2. Remalnng Creep life; Cdculadon procedures for αecp life assessment is provided as
a flow chartinA-7. tkgree of aginginterms of L打SOn-Mmer parameter (LMP) and
operation temperature are requircdfor die Calcul血on･ Degree of aging in terms of
hrson-Mmer parameter PMP) may be assessed from lp using Figure A-8･




Figure A-6 Correlation between lp and reduction in hardnes
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Figure A-8 Ip plotted as a function of hrson-Miller-type aglng Parameter
udPs=T･ (20･log ts)･ 10-3　　　　匹q. 1)
wbere T; aging or operation temperature (均,弧d
ts; aging or operation time Pr)
LMPf;T･ (20 +log tb･ 10-3　　　　　匹q. 2)
where T; creep temperature (E), and tf, Creep
rupture time Pr)
LMPs:T120 + log (te +tf)) ･ 10-3　　　oiq. 3)
wbere T; creep test temperature (均, tf, Creep
npttFetime(叫, and te; eqtdvalent aging timeat
creep test temperattm converted Botn pre-aging
time at pre-aglng temperature
LMPfPMPs):･7･65. logo+C¢MPs)　申q･4)




cpMPs)- 1･69 l eXp i -0･52 ･ ¢MPs-20)2 ).2611
匹q･5)
LMPs ;T･ (20 +log (I. +tc)) ･ 10-3　　ohI. 6)
T; creep test temperature (均, tc; time passed in creep test
Pr),　and te; equivalent aging time at creep test
temperattFe COnVeTted from pre-aglng time and
temperature.
Figure A-7 Procedures for creep life calculation
(Practice C: Evaluation of Temper Embridement in CrMoV Steelsand 2.25Cr-1Mo
Stccls byAnodic Polarization
(1) CX)jecdve
To prescribe a nondestrucdve method to evaluate a degree of temper embritdementin
CrMoV and 2･25Cr-lMo bainitiC steels based on peak current density appearsinan
anodic polarization curve in a calciumnitrate solution.
(2) Apparatus
The apparatus forthc measurements consists of a potentiostaL afunction generator, a
recorder,anisothermal water bath, and aglass cen oranin-situ measurement probe.
Figure A-1 showsanexample of a setup forthe measurement･Anexanple of in-situ
measurement devices IS glVeninFigure A-2.
(3) Electrolyte
55wt% Ca(NO,)2 SOludon is used forthe measurements. The electrolyte shan be
prepared from a reagent grade calciummitrateand distilledand deiomized water.
(4) Specimen
l･ Specimen's surfaa needs to be carefuny prepared to avoid plastic deformation and
heat effects, for example, from g血ding or soldering･
2･ The surface sham befinely pobhed using oil-based diamond paste up to ILlmand
degresedand washedinacetone oralcohol.
3･ Exposed area is suggested to be from O･4 to lqn2･ The remainder may be
electriCal1y insulated using lacquer･
(5) Measurement Procedures
l･ Freshly prepared solution shall be usedandthe temperature of the electrolyte shall be
30±1oC.
2･ The solution shan bc de紙一ated by N2 gas bubbling for 30 minutesinthe pohri22tdon
cell.
3･Assoon asthe working electrode (specimen) is immersedinthe solution, position of
a hlggin capiuary is adjustedand keep deaerationfor 5minutes after the immersion.
4･ A鮎r corrosion potendalis confirmed to be between -500mV to l400mV vs. SCE
(saturated calomel electrode),the working electrode is potendodynamiCal1y polarized
ffom the corrosion potentialto anodic direction atthe rate of 0.5mV/S.
I5. The secondary peakincurrent density at打Ound 150mV, defined as lp2, is measured
as indicatedinFlgure A-9･
6･ Exposed surface shan be examhed by amicroscope･ If crevice corrosion orany
other locahzed corrosion is found,the data shan be excluded ffomthe report.
7･ The lp2 measurement from a Ron-embrided material* ofthc same heat is aho
rcquiredwiththe same procedures.
*: e･g･ , coupling secdon of a turbine rotor or de-embrittlement heat treated sample
(6)AnExample of Evaluation
Increase in lp2 valuefromthe non-embritded materialis taken. Then, Normalized Ip2 is
calCulatedwiththefo1lowlng equation;
Normali2:ed lp2 = Op2 - Ip2zLeW ) / 2N/2
where N is ASTM gran si2:e number.
hcreaseintransition temperature, AFATT, may be assessed based on Figure A-10.
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Figure A-10 Correlation between Normalized Ip2 and AFATT
pracdce D: Evaluation of o･Phase EmbritdementinAnstemitic Stahless Steels by(
Anodic Polarizadon Method
(1) Cbjecdve
To prescribe a nondestructive method to evaluate a degree of Ophase embritdenentin
austemidc stainless steels based on peak current density appearsinananodic polariZadon
curveina potassium hydroxide solution･
(2) Apparatus
Tb9 apparatus forthe measurements consists of a potentiostaL afunction generator, a
recorder,anisothermalwater bath,and aglass Gen or an h･situ measurement probe･
Figure A-1 showsanexample of a setup forthe measurement.Anexample of in-situ
measurement devices IS glVeninFigure A-2･
(3) Electrolyte
lmoIA KOH soludon is usedforthe measurements. rme electrolyte shan be prepared
from a reagent grade potassium hydroxideand distmedand deionized water･ Since pH
of the soludon canchange due to dissolution of carbon dioxideformthe atmosphere,the
freshly prepared electrolyte shall be used.
(4) Specimen
l･ Specimen's surface needs to be carefuny prepared to avoid plastic deformationand
heat effects,for example,from grinding or soldering.
2･ ¶le Surface shall be finely polished using emery paper #1500inwetand degreased
and washedinacetone oralcohol.
3･ Exposed area is suggested to be from O･4 to lcm2･ The remainder may be
electriCally insulated using lacquer.
(5) Measurement hocedures
l･ Freshly prepared soludon shall be usedand the temperature of the dectrolyte shall be
20±1oC.
2･Assoon asthe working electrode (Specimen) is immersedinthe solution, posidon of
a hggin capillary is adjusted.
3･ A鮎r corrosion potential is con丘rmed to be between -500mV t0 -400mV vs. SCE
(saturated calomel electrode),the working dectrode is potentiodynmiCally polarized
fromthe corrosion potendalto anodic direcdon. Potentialswecp rates are O･5mV/S
for Type 316alloysand O･2mV/s for Type321alloys.
4･ Thepeak in current density at around 150mV, d劫ed as Ip, is measured asindicated
inFigure A-ll.
5･ Exposed surface shall be ex血Ied by amicroscope･ If crevice corrosion or any
other localized corrosion is found,the data shall be excluded fromthe report･
(6)AnExample of Evaluation

















Figure A-1 1 Examples ofanodic polarization curvesand de丘mition of I
Figure A-12 Cbrrelation between Ipand Charpy Impact energy at room ten Peratu
(Practice E: Evaluadon of Catbide-Induced Embritdement in 12Cr Steels byAnodic
Polari2ntion
(1) a)jecdve
To prescnbe a nondestruCtive method to evaluate a extent of　也rbide-induced
embrittlementin12Cr steels based onpeak current density appearsinanaJIOdic
polarization curveina 5% acetic acid solution.
(2) Apparatus
Th･e apparatus for the measurements00nsists of a potentiostat afunction generator, a
recorder, an isothermalwater bath,and aglass ceu oranin-situ measurement probe.
Figure A-1 showsanexaJnPle of a setup forthe measurement･Anexample of in-situ
measurement devices are glVeninFigure A-2.
(3) Electrolyte
5 wt% acetic acid soludon is used forthe measurcments･ ne electrolyte shan be
prepared from a reagent grade acedc紅idand distilledand deiomiZXBd water.
(4) Specimen
l･ Specimen's surfa∝ needs to be carefully prepared to avoid plastic deformationand
heat effects, for example, from grinding or soldering･
2･ The surfaa shin be finely pohshed using emery paper #600 orfinerinwet and
degreasedand washed in acetone oralcohol.
3･ Exposed area is suggested to be ffom O･4 to lcm2･ The remainder may be
electriCally insulated using lacquer･
(5) Measurement Procedures
l･ Freshly prepared soludon shall be used andthe temperature of the electrolyte shall be
25±loC.
2･ The solution shame deaerated by N2 gas bubbling for 30minutesinthe polarization
cell.
3･Assoon asthe working electrode (specimen) is immersedinthe solution, position of
a hggin capillary is adjusted.
4･ Potentialof the working electrode ismintained at -500mV vs. SCE (saturated
calomel electrode) for 1 minutes using a potendostat andthen,the working elecb･Ode
is potentiodynamically polarized toanodic direction at the rate of 0.5mV/S.
(5. prhepeakincurrent density at around -300mV, defined as Ip, is measured as
indicated in Figure A-13.
6･ Exposed surface shall be exanhcd by amicroscope･ If crevice corrosion orany
other locali2:ed corrosion is fotlnd,the data sham be excluded丘om the report･
(6)AnExample of Evaluation Diagram
qlarPy impact energy canbe estimated from measured lp values based on Figure A-14.
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Chrpy助d lnpd VdtJe Oll ･ n/C爪り
Figure A-14 Correlation between Ipand Charpy Impact energy
(Practice F: Evaluation of Temper Embridementin12Cr Steels byAnodic Polarization
(1) ajective
To presmbe a nondestrucdve method to evaluate a extent of temper embritdementin12Cr
steds based on peak current density appearsinananodic polarization curveina 0. lmoIA
H2SO4 - 0･000lmoIA KSCN solution･
(2) Apparatus
The apparatus for the measurements ∞nsists of a potentiostat afunction generator, a
recorder,anisothermalwater bath,and aglass Gen or anin-situ measurement probe･
Figure A-1 showsanexanple of a setup for the measurement･Anexample of in-situ
meastqement devices are glVeninFigure A-2･
(3) Electrolyte
O･lmou H2SO4 - 0･0001moIA KSCN solution is used forthe measurements･ The
electrolyte shah be prepared from a reagent grade sumdc acid, potassium thiocyanate,
and distilledand deiomized water.
(4) Specimen
l･ Specimen's surface needs to be catefuny prepared to avoid plastic defornationand
heat effects,for example,血)m grinding or soldering.
2･ The surface shall be finely polished using emery paper #600 orfinerinwet and
degreasedand washedinacetone oralcohol.
3･ Exposed area is suggested to be fiom O･4 to lcm2･ The remainder may be
electriCal1y insulated using lacquer.
(5) Measurement Procedures
l･ Freshly prepared solution shall be usedand the temperature of the electrolyte shall be
30±1°C.
2･ The soludon shan be deaerated by N2 gas bubbling for 30minutesinthe polari2adon
cell.
3･Assoon asthe working electrode (specimen) is immersedinthe solution, posidon of
a hggin capillary is adjusted.
4･肋r00rrosion potentialis confirmed to be around -500mV vs･ SCE (saturated
calomel electrode),the working electrode is potendodynamiCally polarized toanodic
direcdonfrom the corrosion potentialatthe rate of lmV/S. The potentialsweep
shd1 be startedin5minutes abet immersion.
5･ The peakincurrent densityat around -200mV, d励ed as lp, is measured as
indicatedinFlgure A-15.
6･ Exposed surface shall be examined by amicroscope･ If crevice corrosion or any
other localized ∞rrosion is found,the data shall be cxcludedfromthe report･
(6)AnExample of Evaluation Diagram
Current density ratio, Ipnpo , where isthepeakincurrent densityat around -200mV
measured for as-received (non-embritded) material of the same h叫is obtained.









Figure A-15 Examples of anodic rx)lari2ation curvesand defimition of lp
dud-卓盲F50きー●POLIY
0.6　　　　　　　　1.0
αltr〝 8hel=rnpd V■仙● Fldb Euノ電uo
Figure Al16 Correlation between current density ratio, IpnpO
and Charpy upper shelf energy
Pracdce G: Evaluation of Creep D-ageinAnstenidc Stahless Steels by Impedance
Spectroscopy
(1) ajective
To prescribe a nondestructive method to evaluate a extent of creep danageinaustenitic
s血less steels based on electrode-electrolyteinterface resistanceina O･5mou H2SO4 -
0･ 15gA KSCN solution.
(2) Apparatus
Th-e- apparatusforthe meastuements consists of a potentiostaL lock-inanpufier or
frequency responseanaly2X,r, a recorder,anisothemal water bath,and aglass cell oran
in-situ measurement probe･ Figure A-1 shows an example of a setup forthe
measuremcnt･Anexample of in-situ meastqement devices are glVeninFigure A-2･
(3) Electrolyte
O･5moM H2SO4 -0･15gA KSCN soludon is usedforthe measurements･ The electrolyte
shall be prepared from a reagent grade suhric acid, potassiumthiocyanate,and distmed
and deiomized water.
(4) Specimen
l･ Specimen's surfaa needs to be -efuny prepared to avoid plastic deformationand
heat effects, for example･from gdnding or soldering･
2･ The surface shall befinely pohshed using emery paper #1500 in wetand degreased
and washedinacetone oralcohol.
3･ Exposed area is suggested to be from O･4 to lqn2･ rme remainder may be
electriCally insulated using hcquer･
(5) Measurement Procedures
l･ Freshly prepared soludon sham be usedandthe temperature of the electrolyte shall be
20±1oC.
2･Assoon asthe working electrode (specimen) is血mersedinthe solution, posidon of
a Luggln Capillary is adjusted.
3･ A鮎r corrosion potentialis00止rmed to be -350mV vs. SCE (saturated calomel
elecb'ode) or lower,the working electrode is potentiostatiCally polari2X'd at 200mV
and electrode impedance is measuredwithapplied potentialamphtude of 5mV or
lOmV and with frequency range from lOOkHz t0 5Hz. ne measurements shall be
(finished in 10 ninutcs.
4. pme measured data arc plottcdina Nyquist diagramandinterface resistance "R" per
mit area (cm2) is obtained as indicatcdinFlgure A-17.
5･ Exposed surface shall be ex血cd by amicros00pe･ If crevice corrosion orany
othcr locaM corrosion is found,the data shdl be excludedfromthe report.
(6)AnExample of Evaluation Diagram
Impedance reducdon rado ``}7 ,,, d劫ed as Pn.W - Rd.qe)凧Ⅳ, where R.a,,qc is Rfor the
damaged materialofinterestand Rn.w is Rforthe as-received material, is obtained･
Aging parameter value of the material(namely oper細on temperature of the components,
if operationtime isknown)偽n be estimated from京value by referring to Figure A-18.
Life丘acdon can be esdmated fromthe oper血on temperatureand app止ed stressin
opcradon based on standard creep　rupture data.　Stecp　increase in R starts
corresponding to onset of tertiary creep, as showninthc Figure A-18. Periodic
momito血g of R providesanindicator of onset of tertiary creep.
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Figure A-17Anexample of impedance data plotted in Nyquist daigram
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Figuer A-18 Aging timeand temperature dependence of R valure and
steep Increase in R due to tertiary creep
くPracdce H : Evalu如ion of Chromium-Nitride Embritdementinjhtemitic Stainless Sted
SUS310S byAnodic Polari22Ldon Method
(1) ajcctive
To presmbe a nondestrucdve method to evaluate a degree of chromiummitride predpitates
which cause embritdementinSUS310S based on elcctriCalcharge densityobtained from
ananodic polari2adon cuⅣeina ptassiumhydroxide solution.
(2) Apparatus
Tb9 apparatus forthe measurcments00nsists of a potendost叫afuncdon generator, a
recorder,anisothermalwater badl,and aglass cell oranin-situ measurement probe.
Figure A-1 showsanexample of a setupforthe measurencnt･Anexample of in-situ
measurement devices IS glVeninFigure A-2.
(3) Electrolyte
lmou KOH soludon is used for the measurements. rrhe electrolyte shan be prepared
from a reagent grade potassiumhydroxide and distmed and deiomized water･ Since pH
of the solution canchange due to dissoludon of cqbon dioxide formthe atmosphere,the
freshly prepared electrolyte shall be used･
(4) Specimen
l･ Specimen'S surface shall be carefully prepared to avoid plas丘c deformadonand heat
effects,for example,from grinding or soldering･
2･ The surfaa shall befinely polished using on-based diamond paste up to lpm and
degreasedand washedinacctone oralcohol.
3･ Exposed area is suggested to be from 0.4 to lcm2. rme remainder shall be
electriCally insulated using lacquer.
(5) Measurement Procedures
l･ Freshly prepared soludon shall be usedandthe temperature of die electrolyte shall bc
25±1oC.
2･Assoon asthe working electrode (specimen) is immersedinthe solution, position of
a hlggin capillary is adjustedand keep deaerationfor 5minutes afterthe immersion.
3･肋r corrosion potentialis00nfirmed to be between -500mV t0 -400mV vs. SCE
(saturated calomel electrode),the working electrode should be potentiodynamicany
polarizedfrom the corrosion potentialtoanodic direction･ PotentialSweep rates
should be 0.2mV/S.
4･ For each materiaLthe electriCalcharge density duringthe potentialrangefrom 150mV
to 400mV, d劫ed as Q, should be measured on pol血tion curves as indicated in
Figure A-19.
5･ Exposed surface shall be examined by amiαoscope･ If crevice corrosion or any
other locali2XBd corrosion is found,the data shall be excludedfromthe report･
(6)AnExample of Evaltntion
Based on Figure A-20, Cr2N areafracdoninmaterials canbe estimated usmgthe
meastued Q values･ The fracture hmit of weld joint is given by the condition of
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Figure A-20 Correlation between Qand Cr 2N area fraction
(Pracdce I: Evaluadon of Creep Dmage in becdonany Sohdified Ni-base Superanoy
byAnodic PolariZadon Method
(1) Objective
To presdbe a nondes加cdve method to evaluateanextent of creep danagein
directionally solidiBed Ni-base superanoy based on peak current density appearsinan
anodic polarization curveina lN-HCl (600g) + 0･ lN-HNO3 (200g) + Glycerol (0･5mol)
solution.
(2) Apparatus
The apparatus forthe measurements consists of a potendostat, lock-inampl脆er or
frequency response analy2X,∫, a recorder, an isothemalwater bath,and aglass Gen oran
in-situ measurement probe. Figure A-1 showsanexample of a setup forthe
measurement･Anexanple of in-situ measurement devices are glVeninFigure A-2･
(3) Electrolyte
lN-HCl (600g) + 0･lN-HNO3 (200g) + Glycerol (0･5mol) soludon is used forthe
measurements･ The electrolyte shan be prepared from a reagent grade hydrochloric acid,
mitric acid, dycerol,and distilledand deiomized water.
(4) Specimen
l･ Specimen's surface shah be偽refuny prepared to avoid plasdc deformadonand heal
effects,for example,from grinding or soldering.
2･ The surfaa shall befinely polished using oil-based diamond paste up to lpmand
degreasedand washedinacetone oralcohol.
3･ Exposed area is suggested to be from 0.4 to lcm2. The remainder shan be
electriCally insulated using lacquer.
(5) Measurement Procedures
l･ Freshly prepared solution shall be usedandthe temperature of the electrolyte shall be
30±1oC.
2･ The solution shan be deaerated by N2 gas bubbling for 15 mhutesinthe polari2adon
cell.
3･Assoon asthe working electrode (specimen) is immersedinthe soludon, position of
a hggin capillary is adjusted.
4･ A鮎r corrosion potentialis con血med to be around -300mV vs･ SCE (saturated
(calomd elecb'ode),the working elecb'ode should be cadlOdicany polarized at -
1500mV for 15m血. , sothattheair-formed oxide could be dissolved hthe solution.
The cathodic cleming treatment shall be startedin5minutes after immersion.
5･ A鮎rthe cathodic treahent{the working electrode should be potendodynamicany
polarized tothe anodic direcdonfrom the corrosion potendalto 150mV withthe rate
of O･5mV/S･Whenthe potentialreacheS 150mV,the working electrode should be
held atthe same potential for 3mh･ to stabili2X! the passivity. 1men, the working
electrode should be ca血odical1y sc孤ned･ The scan con血ues undl current density
reaches zero afterthe reactivation process.
6･ , bring boththeanodic and cathodic scanmings current densitypeaks at around 20mV
ate de丘ncd as lpand lpr, respectively asindicatedinFigure A-21and should be used
forthe evaluation of creep damage of thealloy.
7･ Exposed surface shall be examined by amicroscope･ If crevice corrosion or any
other localized corrosion is found,the data shall be excluded fromthe report.
(6)AnExample of Evalualion Diagram
If operation temperature isknown, creep life fraction 〇 c canbe es血atedfrOm measured
lp or lpr values based on Figtlre A-22.
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Figure A-22 Correlation between ◎c exp(-QdRT)and (a) Ipand (b) Ipr
(Pracdce J: Evaluation of MaterialDegradation of 仙ermany Aged Duplex Stainless
steels by ElectrochemiCalPolari2adonand AFM SurfaceAnalysis -
(1) Cbjective
This pracdce describesthe procedure for conducting a nondestructive test to evaluatean
increaseindudle-bride b･ansition temperatureand a deqeaseinupper shelf energy of
duplex stainless stecls bythermal aging based on dissolved dqpthof materialsurface after
anOdic polari2adon in amitric acid solution.
(2). Apparatus
The apparatus forthe measurements consists of a potentiostaL afuncdon generator, a
recorder,anisothermalwater badl･and a glass cdl or anin-situ measurement probe･An
atomic forccmicroscope (AF叫) shah be used forthe measurement of dissolved depthon
an exposed surfacc･ Figure A-1 shows an example of a setup forthe measurement.An
example of in-situ measurement devices IS glVen in Figure A-2.
(3) Electrolyte
O･ 1moM HNO3 SOludon is usedforthe measurements･ The electrolyte may be prepared
斤om concentratedmitric acid (reagent grade HNO,) and distilled water.
(4) Specimen
l･ Spechen'S surface shall be Qrefully prepared to avoid plasdc deformadonand heal
effects,for exanple･ Bom grinding or soldering･
2･ The surface shan be finely polished using on-based diamond paste up t0 6pmand
dcgreasedand washedinacetone oralcohol.
3･ Exposed area tothe soludon should be from 0.4 to lcm2. 刀le remainder shall be
electricany insuhted using lacquer･
(5) Measurement Procedures
l･ Freshly prepared soludon shall be used andthe temperature of the electrolyte shall be
20±1oC.
2･Assoon asthe working electrode (specimen) is immersedinthe solution, posidon of
a hggin capmary should be adjusted.
3･ A working electrode should be cathodicany polarized at -1000mVfor 10 minto
remove theair-formed oxide瓜m. 1me deaeradon of the test solution should be done
for 20min by bubbling purifiedmitrogen gasandinterrupted just beforethe cathodic
(treatment at -1000 mV.
4･肋rthe cadlOdic treahenもdle WOrking electrode should be potentiodynamiCally
polarizedfrom -1000 mV t0 -200 mV al a potentialsweep rate of 0.5 mV/see. After
the potendodynamic polarizadon,the exposed surface should berinsedwithacetonc
and dried.
5･ Using an AFM, dissolved depdl Of ftrritc phase onthe exposed surface is measured.
The dissolved depthmeasurement may be conducted on replia obtained from etched
surfaces･ Figure A-23 showsancxanple of the dissolved depdl meaSureTnent Of
ferrite phase onanexposed surface of aged material. The dissolved depthof femite
一･ phases should be measuredfromthe height of originalsurfaceandthe difference of
dle dissolved depdl Offerrite phase betweenunagedand aged materials should be
used as a parameter whichindicatcsthe degree of embritdcment of materials by
thermiaging･
(6)AnExanple of Evaluation Diagram
In Figure A-24,theincreaseinDBTrand decreaseinUSE of stecls are plotted as a
funcdon of the difference of the dissolved depthbetweenunagedand aged materials,
respectively･ DBTr and USE of materials, which express也e degree of embritdcment by
thernalaging, Canbe es血nated from measured dissolved depths offerrite phase based on
the diagrams.
Figure A-23Anexample of dissolved depth of ferrite phase on an
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Figure A-24　Correlation between the differenceindissolved depth of ferrite phaseand
(a)the decreaseinUSEand (b)the shiftinDBTT.
(Practice K: Evaluation of M弧erialDegradation of 仙ermany Aged Duplex Stainless
steels by ChemiCalhnersionand AFM SurfaceAnalysis -
(1) ajective
This practice describesthe procedure for conducting a norLdestrucdve test to evaluate an
increase in ducth-b血le transidon temperatureand a deαease in upper shdf energy of
duplex stainless steels bythermalaging based on dissolved depth of materialsurface after
immersion in a hydrochloric acid solution.
I.(2) Apparatus
The apparatus for die mCaSurementS consists of simply a beakerand an isothemalwater
bath･Anatomic forcemicroscope(AF叫shal1 be used forthe measurement of dissolved
depthon an exposed surface.
(3) Electrolyte
5 wt% HCI solution is used forthe measurements･ The elecb･olyte shall be prepared from
concentrated hydrochloric acid (reagent grade HCl)and distilled water.
(4) Specimen
l･ Specimen'S surface shall be carefully prepared to avoid plasdc deformadonand heat
effects･ for example, from gmiding or soldering･
2･ The surface shalュ be血ely polished using on-based diamond paste up to 6pmand
degreasedand washedinacetone or alcohol.
3･ Exposed area should be from O･2 to O･3cm2･ The remainder sham be electricany
insulated using lacquer･
(5) Meastuement Procedures
l･ Freshly prepared solution shall be used andthe temperature of the electrolyte shall be
25±1oC.
2･ A spedmen should be immersedinthe solution for 1 hour. StructuralmaterialSin
service may be exposed tothe solution by鮎ng a beaker containingthe solution to
materialsurface･ A触rthe immersion,the exposed surface should berinsed with
acetone and dried.
3･ Using an AFM, dissolved depthofferrite phase onthe exposed surface is measured.
The dissolved depth measurement may be conducted on replica obtained from etched
surfaces･ Figure Al25 shows an example of the dissolved depthmeasurernent of
IftFrite phase which was obtained on a rephca surface･ Dksoludon rates of ferrite
phase durhg mersion arc obtained by dividing dissolved depths of ferrite phases
by exposuretime. Dksoludon rates of ferrite phase should be used as a parameter
which indicates the degree of-cmbridement of materials by thermalaging･
(6)AnExample of Evaluation Diagram
In Figure A-26,theincreaseinDBTTand deqeaseinUSE of steels, which expressthe
degree of embridement bythemalaging, are plotted as afunction of the dissolution rate
of ferrite phase of materials, respecdvely･ DBTTand USE canbe estimatedfrOm
measured dissolved depth of ferritc phase based onthe diagramS･
Figure A-25Anexample of dissolved depth of ferrite phase onanreplica
surface obtained fromanetched surface of aged material･
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Figure A-26 Correlation between dissolution rate of femite phaseand
(a) reductioninUSEand (b) shiRinDBTT･
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